Steroid control of neuron and muscle development during the metamorphosis of an insect.
Insect metamorphosis is controlled by a small ensemble of developmental hormones including a class of steroids--the ecdysteroids. In the tobacco hornworm, Manduca sexta, the progression from the larval to pupal to adult stages is controlled by the relative blood titers of ecdysteroids and juvenile hormone (JH). The cellular events in the nervous and muscular systems which accompany metamorphosis resemble those of embryonic development, but they occur in an animal which is larger and experimentally more tractable than an embryo. In this paper we review the role of ecdysteroids in directing the metamorphosis of the nervous and muscular systems in Manduca, and how JH modifies the cellular responses to the steroids. In particular, we describe how these hormones control muscle degeneration, changes in the structure and function of identified neurons, and programmed neuron death. One general finding is that interactions between cells (e.g., neurons and their target muscles) are not involved in their hormonal responses, but rather the hormones act independently and in parallel at the different sites. Another key finding is that the critical periods and hormonal requirements for the commitment to a particular differentiative pathway, and the phenotypic expression of that pathway, can differ, and are therefore experimentally separable. Finally, we find that the significance of a hormonal signal (e.g., a rise in blood ecdysteroids) is interpreted differently depending upon the previous history of hormone exposure of a neuron or muscle. This progressive change in the interpretation of hormonal signals is a major mechanism by which a limited number of hormones can orchestrate a complicated phenomenon such as metamorphosis.